I present theoretical results for charged Higgs production in association with a W boson or a top quark at the LHC. I calculate higher-order threshold corrections and show that they are very significant. I present detailed results for total cross sections as well as transverse-momentum and rapidity distributions for various LHC energies.
Introduction
A charged Higgs discovery would be an unmistakable sign of new physics. Thus, the search for charged Higgs bosons is a significant part of current collider programs. Charged Higgs bosons appear in 2-Higgs doublet models, such as the MSSM, and the LHC has good potential for discovery of such particles via a variety of production modes. I discuss two important production processes: the associated production of a charged Higgs with a top quark, via the partonic process bg → tH − , and the associated production of a charged Higgs with a W boson, via the partonic process bb → H − W + .
I show that higher-order corrections are significant for both processes. Given the very massive final states, soft-gluon corrections are important. I calculate these soft-gluon corrections through NNLO. In Section 2, I present approximate NNLO (aNNLO) results for total cross sections and top-quark differential distributions in tH − production. In Section 3, I present aNNLO results for charged-Higgs differential distributions in H − W + production.
tH − production
The top quark is the heaviest known elementary particle and it has unique properties, such as decay before hadronization. The lowest-order cross section for the process bg → tH − is proportional to αα s (m 2 b tan 2 β + m 2 t cot 2 β ) where tan β = v 2 /v 1 is the ratio of the vevs of the two Higgs doublets. NLO corrections for this process were calculated in Ref. [1] . It has long been known that soft-gluon corrections are important for this process [2] [3] [4] as well as for related top-quark processes [5] .
For the process
where, for the order α n s corrections, k ≤ 2n − 1. We resum these soft corrections for the double-differential cross section. At NLL accuracy this resummation was presented in [2] . At NNLL accuracy we need two-loop soft anomalous dimensions [3, 6] . The resummed cross section can be expanded to NNLO using general techniques [7] ; aNNLO results from NNLL resummation for this process were first presented in Ref. [3] . More recently, aNNLO total cross sections and top-quark transverse-momentum (p T ) and rapidity distributions in tH − production were presented in Ref. [4] .
To derive soft-gluon resummation, we first take moments of the partonic cross section with moment variable N:σ (N) = (ds 4 /s) e −Ns 4 /sσ (s 4 ). Then, the moment-space factorized expression for the cross section in 4-ε dimensions is:
where µ is the scale, J i are jet functions, H bg→tH − is the hard-scattering function, and S bg→tH − is the soft function [4] . The soft function S bg→tH − satisfies the renormalization group equation
2)
The soft anomalous dimension Γ bg→tH − S is calculated at two loops [3] and it controls the evolution of S bg→tH − , resulting in the exponentiation of logarithms of N [3, 4] .
The aNNLO soft-gluon corrections from the resummation are:
where F bg→tH − LO is the leading-order term and the C
k coefficients are given in [4] . Figure 1 : Total cross sections with tan β = 30 (left), and K factors (right) for tH − production.
We begin with the total cross sections for tH − production using MMHT2014 NNLO pdf [8] . In the left plot of Fig. 1 we show the total cross sections at 7, 8, 13, and 14 TeV LHC energies with tan β = 30 for a wide range of charged Higgs masses. The aNNLO/NLO K-factors are shown in the plot on the right. The aNNLO corrections are large and can reach 20% or more for high charged Higgs masses. The corrections are larger for lower LHC energies, closer to threshold. 1/σ dσ/dp Figure 2 : Normalized top-quark p T distributions for tH − production with m H = 300 GeV (left) and 800 GeV (right).
We continue with the transverse momentum distributions of the top quark in tH − production. In Fig. 2 we show the aNNLO normalized top-quark p T distributions, (1/σ )dσ /d p T . The left plot shows results for a charged Higgs mass of 300 GeV while the plot on the right is for 800 GeV. We find significant corrections at all LHC energies. The shapes of the normalized distributions change as the energy is increased: at lower LHC energies the peak is higher and it appears at lower p T , while at larger p T the curves from higher energies are larger. Figure 3 : Normalized top-quark rapidity distributions (left), and K factors (right) for tH − production with m H = 800 GeV.
In Fig. 3 we show results for the top-quark rapidity distributions in tH − production with a charged Higgs mass of 800 GeV. The left plot shows the aNNLO normalized top-quark rapidity distributions, (1/σ )dσ /d|Y |. Again, the shape of the normalized distributions changes with energy, with the curves at higher LHC energies being higher at larger rapidities. The plot on the right shows the aNNLO/NLO K factors. We find significant corrections, especially at large rapidities. The K factors are larger at lower LHC energies, as expected.
H − W + production
We continue with the associated production of a charged Higgs boson with a W boson, via the process [9] b
At partonic threshold s 4 → 0. Soft-gluon corrections are important for this process [10] . In addition to the softgluon terms, here we also calculate leading terms of purely collinear origin, ln k (s 4 /m 2 H ) [10] . The NNLO collinear and soft-gluon corrections are [10] 
In Fig. 4 we show the aNNLO charged Higgs p T and rapidity distributions in H − W + production with tan β = 1, using MMHT2014 NNLO pdf [8] . We find significant corrections for both distributions, as shown in the inset plots. We note that the results using the CT14 NNLO pdf [11] are very similar.
